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INTRODUCTION 

A major  g o a l  i n  c o a l  c h e m i s t r y  i s  u n d e r s t a n d i n g  t h e  c h e m i c a l  
r e a c t i o n s  which o c c u r  i n  c o a l s ,  e s p e c i a l l y  t h o s e  r e a c t i o n s  which  
o c c u r  d u r i n g  c o a l  c o n v e r s i o n .  One f r e q u e n t l y  used  a p p r o a c h  i s  t o  
s t u d y  t h e  r e a c t i o n  of compounds which a r e  t h o u g h t  t o  c o n t a i n  s p e c i f i c  
f u n c t i o n a l  groups  which o c c u r  i n  c o a l s  and assume t h e s e  f u n c t i o n a l  
g r o u p s  w i l l  r e a c t  i d e n t i c a l l y  i n  t h e , , c o a l  and i n  t h e  model s y s t e m .  
T h i s  p a p e r  i s  an e x p l o r a t i o n  of t h e  model compound" a p p r o a c h  and a n  
a t t e m p t  t o  d e v e l o p  c r i t e r i a  f o r  j u d g i n g  t h e  r e l e v a n c e  of "model 
compound" s t u d i e s  t o  more complex c o a l  sys tems.  

To p r o v i d e  c o r r e c t  i n s i g h t s  i n t o  t h e  c h e m i s t r y  which o c c u r s  d u r i n g  a 
r e a c t i o n  of  a c o a l ,  t h r e e  major  c r i t e r i a  must be  met: 1) The 
f u n c t i o n a l  group b e i n g  s t u d i e d  must e x i s t  i n  c o a l s  and i t s  r e a c t i v i t y  
r a n g e  i n  c o a l s  due  t o  d i f f e r e n t  s u b s t i t u e n t  e f f e c t s  must be 
u n d e r s t o o d  and e x p l i c i t l y  c o n s i d e r e d .  2 )  Knowledge o f  t h e  r e a c t i o n  
e n v i r o n m e n t  i n  t h e  c o a l  must be u n d e r s t o o d  a t  a l e v e l  which a l l o w s  
r e a c t i v i t y  t o  be  c o r r e c t e d  f o r  d i f f e r e n c e s  i n  envi ronment .  T h i s  
i n c l u d e s  c o r r e c t i n g  r e a c t i o n s  f o r  " s o l v e n t  e f f e c t s " .  3 )  The a c t u a l  
r e a c t i o n  o c c u r r i n g  i n  t h e  c o a l  must be  i d e n t i f i e d  and u n d e r s t o o d .  I f  
a l l  t h e s e  c r i t e r i a  a r e  m e t ,  t h e  u s e  of "model compounds" can  be a 
v e r y  p o w e r f u l  means f o r  e x p l o r i n g  c o a l  r e a c t i v i t y .  I f  even  one  of  
t h e  c r i t e r i a  i s  n o t  met ,  t h e n  t h e  "model compound" s t u d y  may n o t  
p r o v i d e  i n s i g h t  i n t o  t h e  c h e m i s t r y  o c c u r r i n g  i n  t h e  c o a l .  

I t  i s  my b e l i e f  t h a t  o u r  knowledge of c o a l  s t r u c t u r e  i s  s u f f i c i e n t l y  
i n c o m p l e t e  t o  make t h e  r o u t i n e  u t i l i z a t i o n  of model compounds unwise .  
A w i s e  a p p r o a c h  i s  t o  i d e n t i f y  a r e a c t i o n  which i s  o c c u r r i n g  i n  c o a l s  
and t h e n  t o  d e v e l o p  a t h o r o u g h  u n d e r s t a n d i n g  of t h a t  r e a c t i o n  and how 
i t  w i l l  be a l t e r e d  when i t  o c c u r s  i n  a c o a l ' s  macromolecular  sys tem.  
T h i s  w i l l  i n v o l v e  work w i t h  p u r e  compounds, some of  which may b e ,  b u t  
d o  n o t  need t o  b e ,  d i r e c t l y  r e p r e s e n t a t i v e  of c o a l  s t r u c t u r e s .  
O f t e n ,  t h e  g r e a t e s t  i n s i g h t  i n t o  r e a c t i o n s  comes from working  a t  t h e  
e x t r e m e s  of r e a c t i v i t y .  It  i s  much b e t t e r  t o  u n d e r s t a n d  t h e  
r e a c t i o n  t h o r o u g h l y  t h a n  it i s  t o  c a r r y  o u t  an i n c o m p l e t e l y  
u n d e r s t o o d  r e a c t i o n  on m o l e c u l e s  which a r e  b e l i e v e d  t o  be 
r e p r e s e n t a t i v e  of  s t r u c t u r e s  which o c c u r  i n  c o a l s .  Once t h e  r e a c t i o n  
i s  u n d e r s t o o d ,  a t t e m p t s  can  be made t o  e x t r a p o l a t e  t h i s  c h e m i s t r y  
i n t o  t h e  complex macromolecular  c o a l  sys tem.  I n  d o i n g  t h i s ,  i t  i s  
incumbent  upon u s  t o  e x p l i c i t l y  r e c o g n i z e  t h e  u n c e r t a i n t i e s  in t h a t  
e x t r a p o l a t i o n  which  d e r i v e  from o u r  u n c e r t a i n t i e s  a b o u t  t h e  s t r u c t u r e  
o f  c o a l s .  The work s h o u l d  come f u l l  c i r c l e .  I t  w i l l  s t a r t  w i t h  a 
s t u d y  of real  c o a l s  t o  i d e n t i f y  an i m p o r t a n t  r e a c t i o n .  T h i s  s t a g e  
s h o u l d  be t h o r o u g h  enough t o  p r o v i d e  c e r t a i n t y  a s  t o  t h e  i d e n t i t y  of 
t h a t  r e a c t i o n .  Then t h e  l a b o r a t o r y  o r  t h e  l i b r a r y  i s  used  t o  g a i n  a 
m a s t e r y  of t h a t  p a r t i c u l a r  r e a c t i o n .  With a t h o r o u g h  u n d e r s t a n d i n g  
of t h e  r e a c t i o n  i n  hand ,  one t h e n  moves back t o  p r e d i c t i o n s  a b o u t  t h e  
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b e h a v i o r s  of c o a l s  by c o n s i d e r i n g  t h e  e f f e c t s  of t h e  c o a l  medium and 
s t r u c t u r e  on t h e  u n d e r s t o o d  r e a c t i o n ,  c o m p l e t i n g  t h e  c i r c l e .  

I w i l l  c o n s i d e r  b r i e f l y  o u r  s t a t e  o f  knowledge i n  t h e  t h r e e  a r e a s  I 
r e g a r d  as c r u c i a l :  c o a l  s t r u c t u r e ,  c o a l  a s  a r e a c t i o n  e n v i r o n m e n t ,  
and o u r  knowledge of t h e  r e a c t i o n s  which a r e  a c t u a l l y  o c c u r r i n g  i n  
c o a l s .  My c o n c l u s i o n  i s  t h a t  o u r  knowledge i n  a l l  t h r e e  a r e a s  i s  
s u f f i c i e n t l y  u n c e r t a i n  t o  make e x t r a p o l a t i o n s  from r o u t i n e  
"model compound s t u d i e s "  t o  c o a l s  q u i t e  u n r e l i a b l e ,  and t h e  c i r c u l a r  
e x p e r i m e n t a l  pathway d e s c r i b e d  above i s  s t r o n g l y  recommended. 

Our knowledge o f  the f u n c t i o n a l  g r o u p s  which a r e  p r e s e n t  i n  c o a l s  h a s  
i n c r e a s e d  e n o r m o u s l y ,  b u t  i s  s t i l l  i n a d e q u a t e  i n  some major  a r e a s .  
C o n s i d e r  f i r s t  our knowledge  of t h e  c o m p o s i t i o n  o f  c o a l s .  F i n s e t h  
h a s  r e c e n t l y  d e m o n s t r a t e d  t h a t  s i g n i f i c a n t  e r r o r s  i n  t h e  hydrogen  
c o n t e n t  can-  d e r i v e  f rom i n c o m p l e t e  d r y i p g  of c o a l s  u n d e r  c b n d i t i o n s  
c u r r e n t l y  i n  wide u s e  f o r  d r y i n g  c o a l s .  Oxygen c o n t e n t  i s  u s u a l l y  
done by d i f f e r e n c e .  a p r o c e d u r e  which c o n c e n t r a t e s  a l l  o f  t h e  e r r o r s  
h e r e .  A r e c e n t  p a p e r  compared many d i f f e r e n t  methods f o r  oxygen 
a n a l y s i s  and s h o w e d g t h a t  t h e y  g i v e  d i v e r g e n t  r e s u l t s  i n  a 
n o n - s y s t e m a t i c  way. T h e r e  remain s i g n i f i c a n t  problems i n  t h e  
r o u t i n e  d e t e r m i n a t i o n  o f  t h e  c o m p o s i t i o n  of c o a l s .  I t  would be  n i c e  
t o  have w e l l  c h e c k e d ,  v e r y  a c c u r a t e  c o m p o s i t i o n a l  d a t a  f o r  a l l  of t h e  
Argonne c o a l s  which e x p l i c i t l y  i n c l u d e  c o n s i d e r a t i o n  of  t h e  
a n a l y t i c a l  d i f f i c u l t i e s .  

The oxygen f u n c t i o n a l  g r o u p  d i s t r i b u t i o n  has  r e c e i v e d  much a t t e n t i o n .  
S t o c k  h a s  done a m a g n i f i c e n t  j o b  i n  d e t e r m j n i n g  t h e  oxygen f u n c t i o n a l  
group d i s t r i b u t i o n  of  I l l i n o i s  No. 6 c o a l .  T h i s  was a major  
r e s e a r c h  u n d e r t a k i n g ,  and I b e l i e v e  t h i s  i s  t h e  o n l y  c o a l  f o r  which a 
c o m p l e t e  and r e a s o n a b l y  d e t a i l e d  oxygen f u n c t i o n a l  g r o u p  d i s t r i b u t i o n  
h a s  been  p u b l i s h e d .  L i o t t a  has  p u b l i s h e d  some d e t a i l e d  i n f o r m a t i o n  
on oxygen f u n c t i o n a l  g r o u p  d i s t r i b u t i o n  i n  a Rawhide (Wyodak 
s u b b i t u m i n o u s )  c o a l ,  and t h e r e  a r e  a t t e m p t s  t o  c h a r a c t e  i e oxygen 
u s i n g  NYR s p e c t r o s c o p y  w i t h o u t  c h e m i c a l  d e r i v a t i z a t i o n .  "' T h i s  
l a t t e r  work p r o v i d e s  no i n f o r m a t i o n  a b o u t  s u b s t i t u t i o n  p a t t e r n s ,  
which a r e  i m p o r t a n t .  S t o c k  has  p r o v i d e d  some i n f o r m a t i o n  on t h e  
number of  a r o m a t i c  r i n g s  which h a v e  two oxygen f u n c t i o n a l i t i e s .  T h i s  
seems t o  be a l l  t h a t  i s  a v a i l a b l e .  T h i s  i s  an i m p o r t a n t  i s s u e  
b e c a u s e  of t h e  p o s s i b i l i t y  of  l a r g e  s u b s t i t u e n t  e f f e c t s .  I m p o r t a n t  
s i m p l e  q u e s t i o n s  r e m a i n  unanswered .  What i s  t h e  d i s t r i b u t i o n  of t h e  
p h e n o l i c  h y d r o x y l s  or e t h e r s  o v e r  t h e  d i f f e r e n t  p o l y n u c l e a r  a r o m a t i c  
s y s t e m s ?  A 9 - p h e n a n t h r y l  e t h e r  o f t e n  r e a c t s  v e r y  d i f E e r e n t l y  t h a n  
d o e s  a p h e n y l  e t h e r .  What i s  t h e  s i z e  d i s t r i b u t i o n  of  t h e  a l k y l  
c h a i n s  i n  a r a l k y l  e t h e r s ?  To f u l l y  u n d e r s t a n d  t h e  b e h a v i o r  of  a 
f u n c t i o n a l  g r o u p ,  t h e  r a n g e  of c o a l  s t r u c t u r e s  i n  which i t  o c c u r s  
must be known. NMR t e c h n i q u e s  t o  e x p l o r e  t h e  envi ronmgnt  of oxygen 
atoms u s i n g  c r o s s - p o l a r i z a t i o n  a r e  u n d e r  deve lopment .  

The i n t r o d u c t i o n  of  s o p h i s t i c a t e d  NMR t e c h n i q u e s  has  made p o s s i b l e  
t h e  d e t e r m i n a t i o n  of t h e  r a n g e  o f  PNA s t r u c t u r e s  i n , c o a l s 6  and t h i s  
h a s  been  done f o r  a l l  of  t h e  Argonne premium c o a l s .  B u t ,  i n  s p i t e  
of t h e  a d v a n c e s  i n  N M R ,  t h e r e  a r e  s t i l l  major  d i s a 8 r e e m e n t s  about: the  
r i n g  s i z e  d i s t r i b u t i o n s  of t h e  a r o m a t i c s  i n  c o a l s .  Our knowledge of 
a l i p h a t i c  s t r u c t u r e s  i s  n o t  a s  g r e a t .  In f a c t ,  o n l y  r e c e n t l y  have  
d e f i n i t i v e  s t r u c t u r a l  a s s i g n m e n t s  been made of  a m a j o r i t y  of  t h e  
a l i p h a t i c  c a r b o n s  i n  a s i n g l e  c o a l . '  
a t t e m p t s  t o  q u a n t i t a t i v e l y  e x p l o r e  t h e  number of a c i d i c  c a r b o n  s i t e s  

Only r e c e n t l y  have  t h e r e  been 
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i n  coals. ' '  
p o p u l a t i o n  i n  s e v e r a l  c o a l s  of v a r y i n g  r a n k  i s  u n q u e s t i o n e d .  

C o a l s  a r e  h o r r e n d o u s l y  complex r e a c t i o n  envi ronments .  As mined,  t h e y  
a r e  g l a s s y l y a c r o m o l e c u l a r  sys tems c o n t a i n i n g  a complex p o r e  
s t r u c t u r e .  M o l e c u l a r  d i f f u s i o n  t h r o u g h  g l a s s y  m a t e r i a l s  i s  v e r y  
s low and many o r g a n i c  r e a c t i o n s  o f  c o a l 6  f q r r i e d  o u t  a t  or n e a r  room 
t e m p e r a t u r e  a r e  mass t r a n s p o r t  l i m i t e d .  ' C o a l s  imbibe  many 
s o l v e n t s  and s w e l l  i n  t h e  p r o c e s s .  With s t r o n g l y  s w e l l i n g  s o l v e n t s  
s u c h  a s  p y r i d i n e ,  t h e  g l a s s - t o - r u b b e r  t r a n s i t i o n  i s  s u p p r e s s e d  
s i g n i f i S a n t l y  below room t e m p e r a t u r e  and t h e  c o a l s  a r e  i n  a r u b b e r y  
s t a t e .  D i f f u s i o n  r a t e s  i n  t h e  r u b b e r y  s t a t e  a r e  enhanced by 
s e v e r a l  o r d e r s  of magni tude  o v e r  t h o s e  i n  t h e  c o r r e s p o n d i n g  g l a s s .  
The r u b b e r y  c o a l  i s  s t i l l  a macromolecular  sys tem which does n o t  
d i s s o l v e ,  so t h e  k i n d  of i n t i m a t e  mixing f a m i l i a r  i n  s o l u t i o n  
r e a c t i o n s  d o e s  not o c c u r .  The r e a g e n t  must g a i n  a c c e s s  t o  t h e  
r e a c t i o n  s i t e  by d i f f u s i n g  t h r o u g h  a r u b b e r y  s o l i d .  T h e r e  w i l l  
u s u a l l y  be s i g n i f i c a n t  mass t r a n s f e r  c o n s t r a i n t s  on r e a c t i o n s  of  
c o a l s  which i n v o l v e  r e a g e n t s  e v e n  i f  t h e  c o a l s  a r e  r u b b e r y .  

Even i n  r e a c t i o n s  which do n o t  i n v o l v e  an o u t s i d e  r e a g e n t  b u t  which 
a r e  i n i t i a t e d  w i t h i n  t h e  c o a l ,  mass t r a n s p o r t  p l a y s  a r o l e .  I f  
t h e r m a l  bond h o m o l y s i s  o c c u r s  i n  a c o a l ,  the p a i r  oE r a d i c a l s  
p r o d u c e d  may be c o n s t r a i n e d  t o  s t a y  n e a r  e a c h  o t h e r  by l a r g e  c a g e  
e f f e c t s .  I f  t h e  c o a l  i s  s t i l l  g l a s s y ,  t h e y  w i l l  no t  be a b l e  t o  
s e p a r a t e  r a p i d l y  b e c a u s e  o f  t h e  a b s e n c e  of l a r g e  s c a l e  m o l e c u l a r  
m o t i o n .  I f  t h e  c o a l  i s  r u b b e r y ,  c a g e  e E f e c t s  w i l l  be  much l e s s ,  b u t  
t h e  u l t i m a t e  t r a n s l a t i o n a l  f reedom of t h e  r a d i c a l s  w i l l  be l i m i t e d  by 
t h e i r  p o s i t i o n  i n  t h e  c o a l  macromolecular  s t r u c t u r e .  They may n o t  be 
a b l e  t o  d i f f u s e  t o  t h e i r  most t h e r m o d y n a m i c a l l y  or k i n e t i c a l l y  
f a v o r a b l e  r e a c t i o n  p a r t n e r ,  b u t  may be f o r c e d  by t h e  c o n s t r a i n t s  of  
t h e  macromolecular  sys tem t o  r e a c t  w i t h  a n e a r b y  group.  To 
u n d e r s t a n d  r e a c t i o n s  i n  c o a l s ,  t h e  envi ronment  o f  t h e  i n t e r m e d i a t e s  
must b e  known, a t  l e a s t  on a s t a t i s t i c a l  b a s i s .  No i n f o r m a t i o n  of 
t h i s  sor t  h a s  been p u b l i s h e d .  The v e r y  i m p o r t a n t  work of  Poutsma,  
Buchanan and co-workers  h a s  d e m o n s t r a t e d  a n o t h e r  pathway f o r  r a d i c a l  
d i f f u s i o n .  They have  r e c e n t l y  shown t h a t  r a d i c a l s  can  m i g r a t e  a c r o s s  
a p l a n e  of m o l e c u l e s  bonded t o  f 4 s i l i c a  s u r f a c e  by s e q u e n t i a l  
hydrogen  a b s t r a c t i o n  r e a c t i o n s .  T h i s  i s  a c r u c i a l  o b s e r v a t i o n  
s i n c e  i t  p r o v i d e s  a mechanism f o r  t h e  r a p i d  d i f f u s i o n  of a r e a c t i v e  
c e n t e r  t h r o u g h  t h e  c o a l  and j u s t i f i e s  i g n o r i n g  d i f f u s i o n a l  
l i m i t a t i o n s  f o r  a r a n g e  of r a d i c a l  r e a c t i o n s .  Some mechanism oE t h i s  
s o r t  must be  i n v o l v e d  i n  t h e  a r t i f i c i a l  c o a l i f i c a t i o n  e x p e r i m e n t s  o f  
Winans e t  a l .  which a r e  c a t a l y z e d  by c l a y s ,  y e t  which o c c u r  
t h r o u g h o y 5  t h e  mass o f  t h e  sample ,  n o t  j u s t  a d j a c e n t  t o  t h e  c l a y  
s u r f a c e .  Whether t h e  i n t e r m e d i a t e s  i n v o l v e d  a r e  r a d i c a l s  or i o n s  
h a s  n o t  been e s t a b l i s h e d .  

One o t h e r  a s p e c t  of  t h e  macromolecular  n a t u r e  of c o a l  has  i m p o r t a n t 6  
e f f e c t s  on r e a c t i v i t y .  I t  i s  t h a t  c o a l s  a r e  s e l e c t i v e  a b s o r b e n t s .  
While  e x t e n s i v e  work h a s  been done t o  model c o a l  r e a c t i v i t y  
c o n t a i n i n g  good hydrogen  d o n o r s  l i k e  t e t r a l i n ,  t h e  c o m p o s i t i o n  of t h e  
r e a c t i n g  c o a l  i n  any d i r e c t  l i q u e f a c t i o n  p r o c e s s  has  n e v e r  been  
d e f i n e d .  The c o a l  w i l l  h a v e  b e e n  s w o l l e n  by components f rom t h e  
r e c y c l e  s o l v e n t .  It h a s  been documented e x t e n s i v e l y  t h a t  c o a l s  a r e  
s e l e c t i v e  a b s o r b e n t s l g n f g t h a t  t h e y  do not h a v e  a l a r g e  a f f i n i t y  f o r  
a l i p h a t i c  m a t e r i a l s .  The r e a c t i n g  c o a l  sys tem w i l l  c o n s i s t  o f  
c o a l  and an unknown m i x t u r e  oE components  s e l e c t i v e l y  e x t r a c t e d  f rom 

T h e r e  a r e  few,  i f  a n y ,  f u n c t i o n a l  groups  whose 
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t h e  r e c y c l e  o i l ,  p r o b a b l y  i n  a b o u t  e q u a l  amounts .  Modeling c o a l  
c o n v e r s i o n  p r o c e s s e s  u s i n g  model compounds w i l l  be  a f a t u o u s  a c t i v i t y  
u n t i l  t h e  r e a c t i n g  s y s t e m  h a s  been  a d e q u a t e l y  d e f i n e d .  The same 
c o n s t r a i n t s  d o  n o t  a p p l y  t o  p y r o l y s i s  r e a c t i o n s ,  b u t  t h e r e  cage  
e f f e c t s  and o t h e r  mass t r a n s p o r t  i s s u e s  become complex and d i f f i c u l t  
t o  h a n d l e .  

The l a s t  i s s u e  t o  be  d i s c u s s e d  i s  t h e  n a t u r e  of  t h e  r e a c t i o n s  which 
a r e  o c c u r r i n g  i n  c o a l s .  T h e r e  i s  g e n e r a l  agreement  t h a t  r a d i c a l  
r e a c t i o n s  a r e  i n v o l v e d  i n  c o a l  c o n v e r s i o n .  An e a r l y  s i m p l i s t i c  
mechanism t h a t  t h e  r e a c t i o n  p r o c e e d e d  t o t a l l y  by bond h o m o l y s i s  
f o l l o w e d  by " c a p p i n g "  of  t h e  r a d i c a l s  by hydrogen  donors  h a s  l a r g e l y  
been r e p l a c e d  by t h e  r e a l i z a t i o n  t h a t  a v a r i e t y  of  c h a i n  p r o c e s s p g , 2 0  
a r e  o c c u r r i n g  i n  a d d i t i o n  t o  t h e  s i m p l e  h o m o l y t i c  bond c l e a v a g e .  
The e x t e n t  and role o f  t h e s e  c h a i n  r e a c t i o n s  i s  s t i l l  an o b j e c t  of  
much d i s c u s s i o n .  The f a m i l y  of  r a d i c a l  r e a c t i o n s  which a r e  o c c u r r i n g  
s t i l l  h a s  n o t  been comp3f te ly  e l u c i d a t e d .  The u s e  of p r o b e  m o l e c u l e s  
s h o u l d  be a major  h e l p .  

R a d i c a l  r e a c t i o n s  may n o t  be  t h e  o n l y  o n e s  o c c u r r i n g .  Brower h a s  
p u b l i s h e d  i m p r e s s i v e  e v i d e n c e  b a s e d  on volumes of a c t i v a t i o n  and 
i s o t o p e  e f f e c t s  t h a t  i o n i c  and/or  e t F c t r o c y c l i c  p r o c e s s e s  must be 
o c c u r r i n g  d u r i n g  c o a l  l i q u e f a c t i o n .  I have y e t  t o  s e e  a c o n v i n c i n g  
e x p l a n a t i o n  f o r  or r a t i o n a l i z a t i o n  of B r o w e r ' s  d a t a .  Ross h a s  
r e c e n t l y  become c o n c e r n e d  w i t h 2 4 0 n i c  r e a c t i o n s  o c c u r r i n g  a t  t h e  
c o a l - m i n e r a l  m a t t e r  i n t e r f a c e .  Much c h e m i s t r y  i s  p o s s i b l e  h e r e  a s  
d e m o n s t r a t e d  by t h e  Winans '  c o a l i f i c a t i o n  e x p e r i m e n t .  I t s  r o l e  i n  
c o a l  c o n v e r s i o n ,  i f  a n y ,  h a s  n o t  y e t  been e l u c i d a t e d .  F i n a l l y ,  t h e r e  
i s  t h e  whole q u e s t i o n  of  r a d i c a l  a n i o n  and r a d i c a l  c a t i o n  c h e m i s t r y .  

I n  summary, t h e r e  i s  abundant  e v i d e n c e  f o r  t h e  e x i s t e n c e  of a v a r i e t y  
of  r a d i c a l  p r o c e s s e s  o c c u r r i n g  d u r i n g  c o a l  c o n v e r s i o n .  The s n a r l  of  
compet ing  and  p a r a l l e l  r e a c t i o n s  h a s  n o t  y e t  been u n r a v e l e d .  T h e r e  
e x i s t s  e v i d e n c e  t h a t  t h e  p r i n c i p l e  pathways may not  be s o l e l y  r a d i c a l  
r e a c t i o n s ,  and t h i s  e v i d e n c e  h a s  been l a r g e l y  i g n o r e d .  I t  seems c l e a r  
t h a t  o n e  must  d e a l  w i t h  complex r a d i c a l  c h e m i s t r y  when c o n s i d e r i n g  
c o a l  c o n v e r s i o n  and c o a l  p y r o l y s i s .  Whether r a d i c a l  r e a c t i o n s  a r e  
t h e  o n l y  pa thways  which  must be c o n s i d e r e d  i s  n o t  y e t  c l e a r .  

Coal  i s  p e r h a p s  t h e  most complex o r g a n i c  m a t e r i a l  whose s t r u c t u r e  and 
r e a c t i v i t y  h a s  been s y s t e m a t i c a l l y  s t u d i e d .  I t  i s  a l a r g e l y  
i n s o l u b l e ,  b l a c k ,  amorphous ,  inhomogeneous sys tem c o n t a i n i n g  a wide 
v a r i e t y  of  s t r u c t u r a l  g r o u p s  and a r e s p e c t a b l e  p o p u l a t i o n  o f  f r e e  
r a d i c a l s ,  and i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  p r o g r e s s  h a s  been slow 
and d i f f i c u l t .  I b e l i e v e  t h a t  a c h i e v i n g  t h e  most r a p i d  p r o g r e s s  
p o s s i b l e  r e q u i r e s  e x p l i c i t  r e c o g n i t i o n  and a c c e p t a n c e  of  t h e  enormous 
c o m p l e x i t y  of t h e  m a t e r i a l .  T h e r e  have been many model compound 
s t u d i e s  p u b l i s h e d  i n  which many of  t h e  s t r u c t u r a l  c o m p l e x i t i e s  a r e  
i g n o r e d .  The u s e  o f  s i m p l i f i e d  models and p r o c e d u r e s  imposes  t h e  
d u t y  t o  i d e n t i f y  t h e  s i m p l i f y i n g  a s s u m p t i o n s  and t h e i r  p o t e n t i a l  
i m p a c t  on any c o n c l u s i o n s  r e a c h e d .  
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